Introduction
Development of chemical nanotechnology to control the structure of materials on a nanosize scale is necessary in order to obtain certain physical and chemical properties of the nanomaterials. Carbon nanofibers (CNFs) (Oberlin et al., 1976; Endo, 1988; Endo et al., 2001) are very large multi-walled carbon nanotubes and are technologically easier and economically more favorable to produce than individual single-or double-walled carbon nanotubes (Iijima, 1991; Iijima & Ichihashi, 1993) . The CNFs are valuable materials for electronic, mechanical, and optical devices because of their unique structural and quantum characteristics that are similar to small-sized carbon nanotubes (Oberlin et al., 1976; Endo, 1988; Endo et al., 2001; Endo et al., 2002; Yang et al., 2003; Wang et al., 2005; Tan et al., 2006) . For practical use, such carbon nanomaterials need to be well dispersed throughout other raw materials. An example of this is the incorporation of carbon nanomaterials into plastics or ceramics, which provide practical materials with well-defined shape and increased strength. Composites of matrices with dispersed carbon nanotubes have been prepared by the polymerization of a polyimide under sonification (Park et al., 2002) and by the sol−gel reaction of a system containing a relatively large amount of N,N'-dimethylformamide as the starting material (Hongbinget al., 2004) . However, carbon nanomaterials have a high specific surface area and easily aggregate. Surface functionalization of the carbon nanomaterials is an effective method to disperse them throughout various media for producing new functional materials, which utilize their unique characteristics (Zhu et al., 2003; Gao et al., 2005; Singh et al., 2005) . In order to functionalize these carbon nanomaterials one must treat their surface with acids or other chemicals. Treatment of the carbon nanomaterials with nitric acid and sulfuric acid leads to the oxidation of their surface that forms oxidized groups such as −COOH and −C=O within the graphene sheet (Liu et al., 1998; Hamon et al., 2001; Hamon et al., 2002) . Generally, the surface functional groups of the modified CNFs are characterized by IR or Raman spectroscopy. It is, however, difficult to obtain quantitative information of the chemical species existing in a monolayer or only a few layers of the oxidized surface of the CNFs using these analyses. We have previously shown that observing the fluorescence spectra of 1-naphthol (1-NP) is a useful probe on a molecular level for studying the physicochemical properties of the 160 surrounding environment around the 1-NP (Suzuki et al., 1977; Fujii et al., 1995) . Based on these investigations, significant physicochemical information of the CNF surface was obtained by in situ spectrometry using 1-NP as a fluorescent probe (Nishikiori et al., 2004; Kubota et al., 2005a; Kubota et al., 2005b) . Our unique procedure to create a highly disperse system of CNFs throughout solvents allowed these observations even though the fluorescence of aromatic molecules adsorbed on carbon materials has scarcely been observed due to strong quenching. In this procedure, 1-NP was adsorbed on the untreated CNFs and acid-treated CNFs and they were then dispersed in solvents (Nishikiori et al., 2004; Kubota et al., 2005a) . Two types of 1-NP fluorescence, the 1 L b fluorescence (Suzuki et al., 1977; Fujii et al., 1992) and the ion-pair fluorescence (Mishra et al., 1991; Fujii et al., 1992) , were observed from the following two adsorbed forms. These are generated by the π−π interaction between 1-NP and the graphene sheet (Chen et al., 2001b; Long & Yang, 2001) and the hydrogen-bonding interaction between 1-NP and proton-accepting groups the oxidized groups, such as -COOH (-COO -) and -C=O (Nishikiori et al., 2004; Kubota et al., 2005a; Kubota et al., 2005b) , generated at the acid-treated CNF surface (Hammon et al., 2002; Lakshminarayanan et al., 2004) . 1-Aminopyrene (1-AP) is a Brönsted base and is expected to interact with acidic groups on a solid surface (Hite et al., 1986; Miller et al., 2005) . Therefore, oxygen-containing functional groups produced on the surface of the acid-treated CNFs, especially acidic groups such as -COOH (Chen et al., 2001a; Kahn et al., 2002) , are characterized by the fluorescence measurements using 1-AP as a molecular probe (Nishikiori et al., 2008) . 1-AP is suitable as a fluorescence probe since its spectrum drastically changes with the acid-base equilibrium compared with those of aminonaphthalene or aminoanthracene. However, unlike the 1-NP species, the low-polar species fluorescence is not observed from the 1-AP species on the graphene sheet of the CNFs. This is because the polar amino group prevents the π−π interaction between the pyrene ring and graphene sheet (Nishikiori et al., 2008) even though pyrene derivatives without amino group are adsorbed onto the CNTs by this interaction (Chen et al., 2001; Tomonari et al., 2006) . Therefore, the fluorescence observation of the pyrene adsorbed on the surface of CNFs presents the information of the π−π interaction between the pyrene ring and graphene sheet (Tanigaki et al., 2007) .
In this chapter, we will report that in situ fluorescence measurements using aromatic probe molecules are useful for studying the physicochemical properties on the CNF surface. The relationship between the CNF dispersion throughout the solution of the probe molecules and their adsorption onto the CNFs will be discussed by analyzing the UV-visible absorption and fluorescence spectra of the suspension containing the probe molecules and the untreated or acid-treated CNFs.
Acid treatment of carbon nanofibers
The CNFs (VGCF, vapor grown carbon fiber) having a diameter ca. 200 nm, a length of ca. 10−20 μm and a surface area of ca. 15 m 2 g −1 , were provided by Showa Denko Co, Ltd. (Endo et al., 2001) . Functionalization of the CNF surfaces was carried out in two ways with liquid acid, as reported in the literature (Liu et al., 1998; Hamon et al., 2001; Hamon et al., 2002 , Nishikiori et al., 2004 Kubota et al., 2005b) . The first was by refluxing the CNFs in concentrated nitric acid at 393 K for 1 or 24 h followed by rinsing them with copious amounts of water and allowing them to dry at room temperature under vacuum. For a stronger treatment procedure, the CNFs were sonicated in a concentrated H 2 SO 4 /HNO 3 www.intechopen.com
In Situ Probing of Oxygen-containing Groups on Acid-treated Carbon Nanofibers using Aromatic Molecules 161 mixture (3/1 in volume) at 313 K for 24 h. They were then refluxed in a mixture of concentrated sulfuric acid and 30% aqueous hydrogen peroxide (4/1 in volume) at 343 K for 24 h and were refluxed in concentrated nitric acid at 393 K for 24 h. They were then rinsed with copious amounts of water until the washings were confirmed neutral using a pH test paper and allowed to dry at room temperature under vacuum. Designation is held throughout this chapter as the following: Untreated CNFs (N-CNF); CNFs treated solely with nitric acid for 1 and 24 h (A1-CNF and A24-CNF, respectively); CNFs treated with both sulfuric and nitric acids (AA-CNF). The SEM images and IR spectra of these samples have been described elsewhere (Kubota et al., 2005b) . The surface structures of the three CNF samples were hardly distinguished even by their TEM images as previously reported (Toebes et al., 2004; Lakshminarayanan et al., 2004) .
3. Quantitative characterization of surface adsorption sites of carbon nanofibers by in-situ fluorescence measurement using 1-naphthol 3.1 Adsorption characteristics of 1-NP on N-CNF The N-CNF (1.0 mg) was dispersed in aqueous solutions of 1-NP (10 cm 3 ) by ultrasonic irradiation for 120 h. The 1-NP concentrations ranged from 5×10 −5 to 5×10 −4 mol dm −3 . The resulting suspensions were centrifuged to remove any precipitates. The absorption and fluorescence spectra of the resulting transparent suspensions were measured. Figure 1 shows the fluorescence spectra of 1-NP observed in aqueous suspensions including the N-CNF prepared at different initial concentrations of 1-NP, and the resulting Langmuir isotherm for the adsorption of 1-NP on the N-CNF. The fluorescence originating from the 1 L b state and anion of 1-NP were observed at around 330−350 and 460 nm, respectively (Fujii et al., 1992; Nishikiori et al., 2004) . The 1 L b fluorescence indicates that 1-NP exists in a nonpolar environment as a result of the π−π interaction with the CNF surface (Chen et al., 2001a; Long & Yang, 2001; Nishikiori et al., 2004) . Almost all the 1-NP molecules in water exist as neutral species in the ground and the anion species in the excited states because the values of pK a are 9.2 and 0.4 in their states, respectively (Fujii et al., 1992; Nishikiori et al., 2004) . The intensity of the 1 L b fluorescence relative to that of the anion fluorescence decreases with an increase in the 1-NP concentration, i.e., the ratio of 1-NP in the liquid phase becomes higher, indicating that the adsorption approaches saturation. The total concentration of 1-NP, C, is written as
where N and NF are 1-NP existing in the liquid phase and on the CNF surface by a π−π interaction, respectively. The ratio of the fluorescence intensity of N, I N , to that of NF, I NF , is defined as R 1 . The desorption in the excited states can be ignored because the diffusion rate of molecules is much lower than the fluorescence life time.
where A indicates the ratio of the spectroscopic constant of N to that of NF defined by the molar extinction coefficient, ε, and fluorescence quantum yield, Ф.
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These equations can be applied to the Langmuir isotherm as follows:
where θ is the fractional surface coverage and F 1 is the adsorption site due to the π−π interaction on the N-CNF surface, and K 1 is the adsorption equilibrium constant on the F 1 site. The value [F 1 ] is the molar amount of the F 1 sites existing on the CNFs dispersed in 1 dm 3 of water. The weight of the dispersed CNFs is about 100 times lower than the initial sampling weight, 1.0 mg, in 10 cm 3 of water. Table 1 . Constants for CNFs estimated by fluorescence measurements using 1-NP
Adsorption characteristics of 1-NP on A-CNF
The HNO 3 -treated samples, A1-CNF and A24-CNF (1.0 mg) were individually dispersed in aqueous solutions of 1-NP (10 cm 3 ) by ultrasonic irradiation for 120 h. The 1-NP concentrations ranged from 5×10 −5 to 5×10 −4 mol dm −3 . The absorption and fluorescence spectra of the resulting transparent supernatants were measured after centrifugation of the suspensions. Figure 2 shows the fluorescence spectra of 1-NP observed in the A24-CNF suspensions, and resulting Langmuir isotherm for the adsorption of 1-NP on the A24-CNF. The fluorescence band at around 380−450 nm was observed as well as the 1 L b band. This new band is assigned to the ion pair fluorescence of 1-NP located at the shoulder of the anion band (Mishra et al., 1991; Fujii et al., 1992; Nishikiori et al., 2004) . The ion-pair fluorescence indicates that a chemical modification occurred on the CNF surface by the HNO 3 treatment. The ion pair of 1-NP was produced by the hydrogen-bonding interaction between the neutral 1-NP and the oxidized surface of the CNFs (Hamon et al., 2002) . The spectral shift in the band from 400 to 440 nm can be observed with an increase in the initial concentration of 1-NP, caused by a decrease in the relative intensity of the ion-pair band and increase in that of the anion band. This phenomenon results from the fact that the adsorption is approaching saturation. On the other hand, the relative intensity of the 1 L b band increases with an increase in the initial concentration of 1-NP. This result is somewhat strange considering the adsorption equilibrium. The degree of the CNF dispersions in the water phase has to be considered for each system. The degree corresponds to the absorbance at 500 nm of a CNF suspension caused by the electronic transition of the CNFs (Bahr et al., 2001; Haiber et al., 2003) . Figure 3 shows the 1-NP concentration dependence of the absorbance at 500 nm observed in the water suspension including 1-NP and the CNF samples. The degree of dispersion of the A1-CNF and A24-CNF increases with an increase in the concentration of 1-NP in contrast to the N-CNF. The A1-CNF and A24-CNF easily aggregate because of the hydrogen-bonding between the oxidized groups, whereas the results show that the adsorption of 1-NP on the groups effectively prevents the aggregation of the CNFs (Shaffer et al., 1998) . Our study suggests that the oxidized groups promote the aggregation of the CNFs since the A1-CNF and A24-CNF are highly dispersed in basic solvents in which the oxidized groups are deprotonated. The average pK a value of the groups, such as −COOH and −OH, on the CNFs was around 4.0, similar to that in a previous report (Toebes et al., 2004) . The spectral data observed in the A1-CNF and A24-CNF systems shown in Figure 2 must be corrected with respect to the apparent amount of the dispersed CNFs. The intensities of the 1 L b and the ion-pair fluorescences relative to that of the anion's were, therefore, reduced to the values per a certain amount of the CNFs corresponding to that of the dispersed N-CNF using the results shown in Figure 3 . Considering the ion-pair species of 1-NP interacting with the oxidized groups, IF, the total concentration of 1-NP, C, is given by The ratio of the fluorescence intensity of N, I N , to that of IF, I IF , is defined as R 2 .
where B indicates the constant ratio of the fluorescence efficiency of N to that of IF defined similar to A.
These equations can be adopted to the Langmuir isotherm as follows:
where F 2 is the adsorption site of the oxidized groups on the A1-or A24-CNF surface, and K 2 is the adsorption equilibrium constants on the F 2 sites. , on the A1-CNF and A24-CNF are the corrected ones with respect to the amount of the dispersed CNFs. The Langmuir isotherms of 1-NP on the surface of the A24-CNF for the F 2 sites were obtained by the curve fitting calculation using the variables, C, R 2 , and X, and the parameters, B, K 2 , and [F 2 ]. The isotherms for the F 1 site were also obtained in the same way for the N-CNF. The experimental and simulated relationships between the θ and [N] for the F 1 and F 2 sites are plotted in Figure 2B . The experimental values are well-fitted to the Langmuir isotherms. The constants for A1-CNF and A24-CNF are summarized in Table 1 in addition to those of N-CNF. The spectroscopic constants, A and B, are the magnitudes of the fluorescent quenching, so that a higher value means that the fluorescence is harder to be emitted. Our experimental results indicate that the F 1 site easily quenches the 1-NP fluorescence by about six times faster than the F 2 site. The value of K 2 is nearly 10 times higher than that of K 1 , so that the interaction of the 1-NP molecules with the F 2 site is much larger than with the F 1 site. The relative amount of the F 2 sites to all the sites is 30% on the A1-CNF and 58% on the A24-CNF, indicating that the amount of oxidized groups increases with an increase in the acid treatment time. Considering that the N-CNF adsorbs a naphthalene ring unit per 0.70 nm 2 based on a simulation of benzene molecules adsorbed on graphite (Vernov & Steele, 1991) , we estimated the number of F 2 sites per nm 2 on the A1-CNF and A24-CNF as 0.46 and 1.18, respectively.
4. In situ probing of acidic groups on acid-treated carbon nanofibers using 1-aminopyrene
Changes in UV-visible absorption spectra of CNF suspensions
The N-, A24-, and AA-CNFs (0.50 mg) were individually dispersed in the 1-AP solutions (10 cm 3 ) containing water and ethanol (4/1 in volume) at 1.0×10 −4 mol dm −3 by ultrasonic irradiation for 1−18 days. The resulting suspensions were centrifuged to remove any precipitates. The UV-visible absorption spectra of the resulting supernatant suspensions were measured in order to examine the adsorption of 1-AP on the CNFs and the dispersion of the CNFs into the liquid phase. The suspensions contained slightly amounts of acids and were almost neutral. In the N-CNF suspension, only slight temporal changes in the spectrum are observed. This suggests that 1-AP was not adsorbed on the N-CNF surface as readily as 1-NP (Nishikiori et al., 2004; Kubota et al., 2005a) . Our experiments revealed that the N-CNF clearly adsorbed pyrene better than 1-AP as shown in Figures 9A and 10A . This adsorption property indicates that the polar amino group prevents the π−π interaction between the pyrene ring and graphene sheet even though pyrene molecules are adsorbed onto the carbon nanotubes by this interaction (Chen et al., 2001a; Long & Yang, 2001) . Figure 4 shows the absorption spectra of the AA-CNF suspension containing 1-AP observed immediately after the preparation, and after the ultrasonic irradiation for 4−11 days. In the AA-CNF and A24-CNF suspensions, the absorbance gradually decreases with time. We conclude from these data that there is an interaction between 1-AP and the acid-treated CNFs. . Absorption spectra of AA-CNF suspensions containing 1-AP observed (1) just after the preparation and after ultrasonic irradiation of (2) 4, (3) 7, and (4) 11 days. Figure 5 displays the changes in the absorbance of each CNF suspension at 350 and 500 nm versus the ultrasonic irradiation time. The absorbance at 350 nm indicates the amount of 1-AP existing in the liquid phase. 1-AP was hardly adsorbed on the N-CNF, but was adsorbed on both the A24-CNF and the AA-CNF. The AA-CNF was seen to adsorb the 1-AP at a faster rate than the A24-CNF. The absorbance at 500 nm corresponds to the degree of CNF www.intechopen.com
In Situ Probing of Oxygen-containing Groups on Acid-treated Carbon Nanofibers using Aromatic Molecules 167 dispersion according to a good correlation between the concentration and the absorbance of the carbon nanotubes in a solvent (Bahr et al., 2001) . Such nanocarbon materials exhibit the broad absorption spectra over a wide range of UV-visible-IR due to the superposition of various electric structures originating from many species (Saito et al., 1992; Saito et al., 2000) . The wavelength of 500 nm was selected to observe the dispersion because 1-AP have no absorption at longer wavelength than around 450 nm and the CNFs have higher absorption at shorter wavelength. The absorbance increased with the ultrasonic irradiation time until reaching saturation. These results indicate that the degree of CNF dispersion of each sample is ordered in this way; AA-CNF, A24-CNF, N-CNF, with AA-CNF being most highly dispersed. This order is closely correlated to the amount of adsorbed 1-AP. In addition to the surface modification by the acid treatment the adsorption of aromatic molecules should also play an important role in the CNF dispersion (Kubota et al., 2005a) . 
Changes in fluorescence and fluorescence excitation spectra of CNF suspensions
1-AP exhibits a protonation equilibrium; the original species is called AP, and the protonated species is called APH + . The proton dissociation equilibrium constant of the ground state (pK a ) and the excited state (pK a *) are 2.8 and −1.2, respectively (Shizuka et al., 1979) . Therefore, in moderately low-pH solutions, 1-AP exists as APH + in the ground state, deprotonates to form AP in the excited state, and then emits fluorescence. Figure 6 shows the fluorescence and fluorescence excitation spectra of 1-AP in the AA-CNF suspension immediately after preparation and after ultrasonic irradiation for 4−11 days. The excitation wavelength for the fluorescence spectra was 350 nm, and the emission wavelength for the excitation spectra was 420 nm. The broad bands of fluorescence around 440 nm and fluorescence excitation around 350−400 nm are assigned to AP in the liquid phase of the suspension since they coincide with the spectra of 1-AP in neutral polar solvents (Hite et al., 1986; Miller et al., 2005) . The shape of this excitation spectral band is also similar to that of the absorption spectra of 1-AP shown in Figure 4 . The fluorescence spectral bands around 360−400 nm and fluorescence excitation spectra around 300−360 nm are similar to those of APH + in the acidic solution. Their relative intensities increased with ultrasonic irradiation time. The spectra of APH + are structurally similar to those of pyrene because the interaction between the free electron pair of nitrogen and the π-electrons in the pyrene ring is blocked by protonation of the amino group (Hite et al., 1986; Miller et al., 2005) . These results of the fluorescence indicate that 1-AP is adsorbed on the CNF surface to form APH + -like species. (1) just after the preparation and after ultrasonic irradiation of (2) 4, (3) 7, and (4) 11 days.
The 1 L b fluorescence of 1-NP, which is observed in nonpolar environments, was seen on the CNFs due to π−π interaction between 1-NP and the graphene sheet (Nishikiori et al., 2004; Kubota et al., 2005a; Kubota et al., 2005b) . The N-CNF cannot readily adsorb 1-AP molecules due to its low dispersibility throughout the solvent ( Figure 6B ). Some amount of 1-AP should be adsorbed onto the graphene sheet of the acid-treated CNFs because they are better dispersed throughout the liquid phase (Toebes et al., 2004; Lakshminarayanan et al., 2004) . Unlike the 1-NP species, fluorescence was not observed, however, from the 1-AP species adsorbed through π−π interaction onto the CNFs. This is due to quenching that occurs in the more strongly interacting 1-AP/CNF systems. The ion-pair fluorescence of 1-NP was generated by the relatively strong hydrogen-bonding between 1-NP and the oxidized groups, such as −COOH, −C=O, and −OH (Nishikiori et al., 2004; Kubota et al., 2005a) . As a Brönsted base, 1-AP is expected to interact with the acidic oxygen-containing groups and selectively detected the acidic groups such as −COOH. It is suggested that 1-AP was immobilized by the hydrogen bonding between its amino group and the Brönsted-acidic groups on the CNF surface, leading to the formation of APH + -like species. This behavior agrees with previously reported results that the carboxyl group on the carbon nanotube surface is modified by amines forming the ionic bond of −COO − + H 3 N− (Chen et al., 2001b; Kahn et al., 2002) . The fluorescence intensities per unit dispersed-CNF amount for each CNF sample indicate that its adsorption ability depends on not only the CNF dispersion into the solvent but also the amounts of the acidic groups on the CNFs.
Confirmation of formation of APH
+ -like species The desorption of 1-AP from the AA-CNF surface was examined by fluorescence measurements in order to confirm the adsorption of 1-AP on the CNFs as shown in Figure 8 . Figure 8A shows the fluorescence spectra of 1-AP in the AA-CNF suspension observed before and after adding sodium hydroxide. The fluorescence of the APH + -like species was seen in the original suspension even though the suspension is nearly neutral. After adding the basic NaOH, the structural band of the fluorescence spectra disappeared. This result indicates that the 1-AP molecules that were adsorbed onto the CNF surface as the APH + -like species were desorbed from the surface into the liquid phase. The APH + -like species and the acidic groups should be deprotonated and would then hardly interact with one another since the pH value in the suspension was greater than 13. The adsorption and desorption equilibrium was shifted to the desorption process under this condition. We examined the changes in the fluorescence spectra of the suspension re-dispersing the 1-AP-adsorbing AA-CNF as shown in Figure 8B . The suspension of the 1-AP-adsorbing AA-CNF was filtered, and then re-dispersed into pure water. The APH + -like band intensity decreased with time while the AP band intensity increased with time. This result indicates that a portion of the 1-AP molecules that were adsorbed onto the CNF surface as an APH + -like species were desorbed from the surface and then diffused into the liquid phase. The results shown in Figure 8 (1) and after (2) adding sodium hydroxide and (B) in suspension re-dispersing the 1-AP-adsorbing AA-CNF observed after ultrasonic irradiation of (1) 1, (2) 2, and (3) 5 h.
A stronger acid treatment caused the chemical modification to generate higher amounts of the acidic functional groups on the CNF surface. For this reason the more strongly treated CNFs (AA-CNF) was better dispersed in the 1-AP solution and adsorbed a higher amount of 1-AP than the weakly treated CNFs (A24-CNF). The quantitative analysis of the adsorption sites is now in progress and will be completed in the near future.
Fluorescence observation of pyrene adsorbed on carbon nanofibers

Changes in UV-visible absorption spectra of CNF suspensions
The N-or AA-CNF (0.50 mg) was individually dispersed in the pyrene solutions (10 cm 3 ) containing water and ethanol (4/1 in volume) at 1.0×10 −5 mol dm −3 by ultrasonic irradiation for 1−8 days. The resulting suspensions were centrifuged to remove any precipitates. The adsorption of pyrene on the CNF surface and the dispersion of the CNFs into the liquid phase were examined by UV-visible absorption of the CNF suspensions. Figure 9 shows the absorption spectra of the N-CNF and AA-CNF suspensions containing pyrene observed just after the preparation (day 0) and after ultrasonic irradiation for several days. The absorption spectrum of the N-CNF suspension as prepared, which ranges around 220−350 nm, is almost same as that of pyrene in the water/ethanol solution. The absorbance of pyrene gradually decreased with the ultrasonic irradiation time due to its adsorption onto the N-CNF. The N-CNF was obviously found to adsorb pyrene (Chen et al., 2001; Tomonari et al., 2006) similar to 1-NP (Nishikiori et al., 2004; Kubota et al., 2005a) . In the AA-CNF suspension, even the absorbance observed just after the preparation was lower than that in the solution, and the absorbance progressively decreases at a faster rate than in the N-CNF suspension. The ultrasonic irradiation makes the CNF bundles disentangled and dispersed into the liquid phase, and then the number of collision of the CNFs with pyrene molecules increases. Oxygen-containing functional groups on the surface of the acid-treated CNFs prevent the π−π interaction between the CNF graphene sheets and interact with solvents (Nishikiori et al., 2004; Kubota et al., 2005a; Kubota et al., 2005b) . Therefore, the more highly dispersed AA-CNF was suggested to adsorb a higher amount of pyrene than the low dispersed N-CNF. . Absorption spectra of (A) N-CNF and (B) AA-CNF suspensions containing pyrene; (A) (1) just after the preparation and after ultrasonic irradiation of (2) 2 and (3) 5 days, (B) (1) just after the preparation and after ultrasonic irradiation of (2) 1 and (3) 3 days. Figure 10 shows the changes in the absorbance of each CNF suspension at 334 and 500 nm versus the ultrasonic irradiation time. The absorbance at 334 nm reflects the amount of pyrene existing in the liquid phase. The absorbance of pyrene in the solution without CNFs was also denoted by the closed circles located at day 0. However, unlike the N-CNF suspension, the spectra of the AA-CNF suspension include the strong absorption of the dispersed CNFs in the wavelength region of pyrene absorption. The net pyrene absorbance was obtained by subtracting the CNF absorption spectra from the original ones. The absorbance of pyrene in the solution before adding the CNFs was 0.52. The absorbance of pyrene in the N-CNF suspension, which was 0.52 at day 0, decreased with the irradiation time due to its adsorption. The adsorption equilibrium on the N-CNF was almost reached after the 5-days irradiation, when the absorbance was 0.12. This result indicates that the concentration of pyrene in the liquid phase decreased until reaching saturation. The AA-CNF was seen to adsorb the pyrene at a faster rate than the N-CNF. The absorbance of pyrene in the AA-CNF suspension, which was 0.33 at day 0, decreased with the irradiation time until reaching saturation after the 3-days irradiation, when the absorbance was 0.043. The absorbance at 500 nm corresponds to the degree of CNF dispersion according to a good correlation between the concentration and the absorbance of the CNTs in a solvent (Bahr et www.intechopen.com In Situ Probing of Oxygen-containing Groups on Acid-treated Carbon Nanofibers using Aromatic Molecules al., 2001). Such nanocarbon materials exhibit the broad absorption spectra over a wide range of UV-visible-IR due to the superposition of various electric structures originating from many species, regardless of whether they are acid-treated or not. The each absorbance of the N-CNF and AA-CNF suspensions, which was almost zero at day 0, increased with the ultrasonic irradiation time and reached saturation after the 5-and 3-days irradiation, respectively. The absorbance values of the N-CNF and AA-CNF suspensions at the dispersion saturation were 0.0057 and 0.025, respectively. These results indicate that the dispersion of the AA-CNF is higher than that of N-CNF due to the functional groups produced on the CNF surface by the acid treatment and it is closely correlated to the amount of the adsorbed pyrene.
Changes in fluorescence spectra of CNF suspension
It is well known that the ratio of vibronic peak intensities in fluorescence spectra of pyrene changes with the surrounding polarity (Nakajima, 1971; Kalyanasundaram & Thomas, 1977) . Therefore, pyrene is available to use as an in-situ probe of polarity in the surrounding media. Figure 11 shows the fluorescence spectra of pyrene in the N-CNF and AA-CNF suspensions observed just after the preparation (day 0) and after ultrasonic irradiation for 1−5 days compared with that in cyclohexane. The excitation wavelength for the fluorescence spectra was 350 nm in the weak 1 L b (S 1 ) band of pyrene. The emission wavelength for the excitation spectra was 392 nm. The fluorescence peaks at 372, 382, and 392 nm observed at day 0 are assigned to pyrene present in liquid phase of the suspension. The intensity of the 0−0 vibronic bands is significantly enhanced at the expense of other bands in the polar solvents due to solute−solvent dipole−dipole interaction (Nakajima, 1971; Kalyanasundaram & Thomas, 1977) . The relative peak intensity at 372 nm to that at 382 nm decreased with the ultrasonic irradiation time in both the N-CNF and AA-CNF systems, and the spectrum became a feature similar to that observed in non-polar solvent such as cyclohexane. These results indicate that pyrene is absorbed on graphene sheet of the CNF surface by the π−π interaction similar to 1-NP (Nishikiori et al., 2004; Kubota et al., 2005a; Kubota et al., 2005b) . Although such fluorescence was easily quenched by a much stronger π−π interaction, the spectrum was clearly observed in our systems due to the highly dispersion system of the CNFs throughout the solution. The AA-CNF is oxidized on only a small part of the surface and has a relatively large area of the unoxidized low-polar surface. The fluorescence spectra indicate that pyrene molecules are adsorbed on the low-polar area of the graphene sheet of both the N-CNF and AA-CNF. The excitation spectra of the samples were also measured and obtained the peaks at 320 and 335 nm corresponding to the 1 L a absorption and the weak band at 350−380 nm corresponding to the 1 L b absorption. As shown in Figure 12 , it was barely found that the relative peak intensity at 372 nm (0−0 band) to that at 361 nm for the AA-CNF system decreased with the ultrasonic irradiation time (Nakajima, 1971) . Figure 13 shows the changes in ratio of the fluorescence intensity of the pyrene in the CNF suspensions at 372 nm to that at 382 nm as a function of the ultrasonic irradiation time. The fluorescence intensity ratio for the CNF suspension containing pyrene before ultrasonic irradiation (day 0) is 1.6, which is confirmed to be same as that of pyrene in the water/ethanol solution (4/1 in volume) although the results are not shown here. Both the ratios for the N-CNF and AA-CNF suspensions decreased with the ultrasonic irradiation time and then were 0.77 after 5-days irradiation and 0.76 after 3-days irradiation, Fig. 12 . Fluorescence excitation spectra of pyrene in AA-CNF suspension monitored at 392 nm; (1) just after the preparation and after ultrasonic irradiation of (2) 1 and (3) 3 days. Bold broken line indicates spectrum of pyrene in cyclohexane.
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In Situ Probing of Oxygen-containing Groups on Acid-treated Carbon Nanofibers using Aromatic Molecules 175 respectively, when they reached the constant values. They became close to the value in cyclohexane as a non-polar solvent, 0.63. Therefore, pyrene molecules were adsorbed onto the low-polar surface of the CNF graphene sheet by π−π interaction. Obviously, the adsorption of pyrene onto the AA-CNF reached its equilibrium earlier than that onto the N-CNF due to the higher dispersion of CNFs throughout the solution. The changes in the fluorescence intensity during ultrasonic irradiation well-corresponded to those in the CNF dispersion throughout the solutions and the pyrene adsorption onto the CNFs. 
Conclusions
A unique procedure to create a highly disperse system of CNFs throughout solvents allows in situ fluorescence measurements using aromatic probe molecules even though the fluorescence of those adsorbed on carbon materials is scarcely observed due to strong quenching. Oxidized groups on the outer surface of acid-treated CNFs are quantified using 1-naphthol (1-NP), whereas it is difficult to obtain quantitative information of the chemical species existing in a monolayer or only a few layers of the oxidized surface of the CNFs by IR spectroscopy. In situ fluorescence measurements of CNFs using 1-NP revealed two types of adsorption onto the surface of the CNFs when they were dispersed in solvents. One is generated by the π−π interaction between 1-NP and the graphene sheet and the other is the hydrogen-bonding interaction between 1-NP and proton-accepting groups such as −COOH (−COO − ) and −C=O. Furthermore, acidic functional groups such as −COOH produced on the surface of acidtreated CNFs are characterized using 1-aminopyrene (1-AP) as a Brönsted base. The 1-AP molecules only slightly interact with the untreated CNF surface, whereas the 1-AP cationlike bands are observed on the acid-treated CNF surfaces. These results indicate that 1-AP is tightly immobilized by the hydrogen bonding interaction between its amino group and the Brönsted-acidic groups on the CNF surface. However, unlike the 1-NP species, the low-polar species fluorescence is not observed from the 1-AP species on the graphene sheet of the CNFs. This is because the polar amino group prevents the π−π interaction between the pyrene ring and graphene sheet. The fluorescence spectra of pyrene as observed in low-polar solvents are clearly found in the suspensions containing pyrene and the CNFs due to its adsorption onto the CNF graphene sheet by π−π interaction. The CNF dispersion well-corresponds to the adsorption of pyrene onto the CNF surface. In situ fluorescence measurements using aromatic probe molecules are useful for studying the physicochemical properties on the CNF surface.
